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Microelectrotaecltanical systems (MEMS) (also written as 
mwp-electm-meckamcaL or MicroElecmMechanicel) is the 
technology of the very small, and merges at the nano-scale into 
mmoelectromechankal systems (NEMS) and nanotedmolooy, 

MEMS are also referred to as nncromaehines (in Japan), or' 

Micro Systems Technology - MSTim Europe). MEMS are 
•separate anti distinct from the hypothetical vision of molecular 
nanotechnology or molecular electronics. MEMS are made uo of 
components between 1 to 100 micrometres in size fie. 0.001 to 

0.1 mm) and MEMS devices generally range in size from 20 A mite less than 1 mm <*» * 

mterotnetres (20 millionths of a metre) to a millimetre. "Fhev MEMS device 

usually consist of a central unit that processes data, the ' ! ■ V-* — 

taHSllTt T 1P ° ne “ S ,h ?“ ,er8 « «* ash as microsensWV Af 

hcsc size scales., the standard constructs of classical physics do not always hold true Due to MFKW 
tagesurfacc «« to *» ratio, smm rffcc« aB h and 

effects such as me.rt.ia or thermal mass, % c v oiUmc 

maketoem- S5E ^ f S T? ap|>rec * ai ^ lon £ m technology existed that could 

2m£ h“r ■ f famous 1959 tecwe There's Wenw of Room at 

me »ottorn< MEMS became practical once ihev could be DhnViwA ' • . 

fabrication teehnolosies normally used m m»k* « wb^ated uang modified semiconductor 
H „ hin « {V cm TV 5 Tm ' 77 15 ! . !£ make 6ieclmmcs. These, include molding and plating, wet 

otHpr miiin am * ft Aching (rtlE and DRIB), electro discharge machining (EDM), and 

oi her technologies capable of manufacturing very small devices. 


A ante less than 1 mm on a 
MEMS device. 
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MEMS technology can be implemented using a number of d; 
techniques; the choice of which will depend on the device be 
which it has to operate. 


fereni materials and manufacturing 
ig created and the market sector in 


- Manufacturing 


Silicon 


m vtm US * d ‘° ™ Sle f 1 « in consumer electronics in the 

to inc rm ™o i E ot «tfc, ready availability of cheap high-quality materials and abiiitv 

to ipcorpo cafeeleoiomc funcuoiiality make silicon attractive for a wide variety of MEM S 

rpp matrons, sihcprt also has significant advantages engendered through its material properties, fa 
8 . crystal form, silicon is an almost perfect Hookcan material, meaning that when it is flexed 
is virtually no hysteresis and hence almost no energy dissipation. As well as making for highly 
iepeutafee motion, trus also makes silicon very mliahk as it suffers very little fatigue and" can have ' 

fennMucfeiHlV totrilhons of cycles without breaking. T he basic techniques 

k.r producing all silicon based MEMS devices are deposition of material fevers, patterning of these 


layers by photolithography and then etcMn 


g to produce the required s 


apes. 


-'iners 
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awJK'r he deCtfX 'f i0S ind f llT P rovi;des a « economy of scale for the silicon industry 
nit S a u n 38 S 5 8 f 0mpiex md rdmiveI >' expensive material to produce. Polymers on the 
devices inbe *? buge ^ yme s,witliagreat variety of material characteristics. MEMS 

^ 1^1 - v- prows^ ^n.a^ mjeeticm 'moiddm^ emkisdtH^ cw 

testing caiSI " eSPeaal ' y We “ 1 * * * 5 “ iKd “ n * MW<& as disable blood 


Metals can also be used to create MEMS element Wb«k» . „ t 

. '-‘vuiv,ti ij .,u^uunenb, v\ rule metals uo. not have some of the advdhf^ £»*».« 
b'V silicon ui tenm of * ■■* •* « - ,> ■ ■ • m- «iua^t>s 

«m& very high «kta a«*m 

Metals can he deposited by electroplating, evaporation, and sputtering processes. 

gold, nickel aluminium, chromium, titanium, tungsten, platinum. 


Commonly used metals include sole 
and silver. 


MEMS Basic Processes 

This chart is not complete: 


Basie Process 


Deposition 


Patterning; 


Etching 


tarn processes 


One of the basic building blocks in MFMS twerow i* *u;u*r- +■* 4 . »« - 

with a thick-new processing is the ability to deposit dun films of material 

witn a ttuejeness any where between a tew nanometres to about 100 micrometres. 


1 here Is a type of physical, deposition. 
Physical Vapor 'Deposition (PVO) 

Spuiiermg 

Evaporsttf® 


Chemical 


There are 2 typs of chemical deposition. 

(is tomcat Vapor Deposition 


Thermal Oxidation 
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Patterning in MEMS is the transfer of a pattern into a material 
Lithography 

SSSJSS 1 Scb SSfSSr* 8 f "ferial by 

peaces a change tote ph^S^g^^ *“ 

rnim^of iS !f !ectively f posed to ration (e.g. by masking some of the radiation) the 

““ “**> «- » * pcopemea of ^ 


Phrto)X«™hf ll C “ T be T"?™* or ' rea,ed providing a mask f or the underlying subanse. 

p > ' t>PteaUy used with metal, or other thin film deposition,, wet and dry etching. 

Photolithography 
Electron Seam Lithograpliy 
too Scoio Lithography 
X-ray Lithography 
Diamond Patterning 
Etch in® processes 

categories of etching processes: Wet and dry etching. In the former* the material 
m dissolved when immersed in a chemical solution. In the latter, the material is sputtered or 

dissolved using reacti ve ions or a vapor phase etchant See Williams and Mulled or Kovacs Maluf 
and PetersonH tor a somewhat dated overview of MEMS etching technologies. 

Wet etching 

m a l“ ve re T Val ofmmM h y d W« J g a substrate into a 
£ n T dt C ff ; ° Ue 10 tiie chetmcal «ature of this etching process, a good selectivity 

th^' tht ^ %iud l m ? ans thai ibe ctch m rate of the target material is considerably higher 
than that of the mask material it selected carefully. ' c- 

EtcSiant etching 
Isotropic etching 

Etching progresses at the same speed in all directions. Long and narrow holes in a mask will produce 

_ * p ^ d f°° ve * f tlle f hcon - 1 he surface of these grooves can be atomically smooth if the etch is 
cairw-o out correctly, with dunensjons and angles beisg.extremeiy accurate. 

Antspiropfc etching 

borne single cry stal materials, such as silicon will have mmmmMrn rates depending on the 
crystallographic orientation of the substrate. This is known as aaisotropfc etching and one of the 
most common examples is the etching of silicon in KOH fpotassiem hvdroxideXwheri Si <m> 
^^cwh opprosmately 100 times slower than other pianesfen stahographie orientations! 

su a octangular hole m a (lOO)-Si wafer will result tn a pyramid shaped etch pit with 

.M.. / walls, instead oi a hole with Curved. ® »v »® hU wa-* ........ - ... 
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ElectroCiieinica! etcmug 

Electrochemical etching (ECE) for dopant-sdeetive removal of silicon is a common method to 
automate and to se.ectively control etching. An active p^udfode junction is required, and either type 
, 1 vaa ^etehrrestatattd^e^h^op**) material Boren is the most common etch-stop * 

si ^ etcM ® g 38 described abov - ECE has been used 
.uccesstulb tor «fj*$hng silicon diaphmph tlndte^ifrOominercial piezoresistive silicon 

SZ JTv r“f • d0ped maas «° ta OTated dlh “ * imptotation, diffcL or 
epitaxial deposition ot silicon* 


Vapor Etching 

Xenon dslliinrkie ercSiing 

Xenoiidl fluoride (XeF 2 ) is a dry vapor pirns isotropic etch for silicon originally applied for MBMS 

in 1 995 at Lniversity of California, Los Angeles^®, Primarily used for releasing metal and 
dielectric structures by undercutting silicon Xef 2 has foe advantage of a stiction-free release unlike 

W< ? etchmts - |ts eteh selectivity to silicon is very high, allowing it to work with photoresist, .SiO„ 
silicon nitride, and various metals for masking, its reaction to silicon is "plasmaless” is purely 
chemical and spontaneous and is often operated in pulsed mode. Models of foe etching Jfoonare 

approach ’ ^ Ui ^ versit f laboratories and various commercial tools offer solutions using this 

HF Etchisg 

Hydrogen fluoride is a chemical compound with foe formula HF used for etching 

Plasma Etefei«g 
Spattering 

Reactive ion etching (J*1£> 

In reactive ion etching (RIB) the substrate is placed inside a reactor in which several eases are 
introduced. A plasma is struck in the gas mixture using an RP power source, breaking foe »as 
mo eemes mto ions. The ions are accelerated towards, and react with, foe surface of foe material 
lung etched, forming another gaseous material. Ihis is known as the chemical part of reactive ion 

7ere 18 al J° a f% S5ca * P a rf which is similar in nature to foe sputtering deposition process 
If the ions have high enough energy, they cun knock atoms out of the material to be etched without a 

SSrA 18 5 !?' taSk U> deVebp dry etch ? mcesses that balance chemical and 

? A'" ' ,v foeie are many parameters to adjust. By changing the balance it Is possible to 

influence the anisotropy of foe etching, ^ec^'^i^^ ;: .p^t s . jjgotropic and the physical part 
biglily anisotropic the combination can form sidewalls that have shapes from rounded to vertical 
KIk can be oeep and its name will be Deep RIB or DRIB Deep reactive ion etching (DRIB) 


A special subclass of Rib which continues to grow rapidly in popularity is deep RIB (DRIB), In this 
process, etch uepihs of hundreds of micrometres can be achieved with almost vertical sidewnlls. The 

| H r!In ted f 0l r^ on the so * calied "Bosch process^ 7 !, named after foe German company 

_ obert Bos.cn which filed foe original patent, where two different gas compositions: are alternated in 
the reactor. Currently there tire two variations of foe DRIB. The first variation consists of three 
distinct steps (the Bosch Process as used in foe UK AXIS fool) while foe second variation only 
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“ISfofc e,cS«U S | T* y fcSKyo]}. In the , 5l Variation, the etch cycle* as M « v m 
" f .. ' " " 8 pass,va ^ oa * (m - aiHsoptropic eteli for floor cleaning. In the 2nd 

variation, steps (i) and (iijjj are combined. 


o ■variations operate similarly. The C 4 F g creates a polymer on the surface of the substrate and the 

second gas comport*™ (SF, and O.) etches the substrate. The polymer is immediatdv sputteted 

away by the physical part of the etching, tat only on the horizontal surfaces and not the sidewalls 
^mce the polymer only dissolves verv flovviv in the ehemir-U n»H Affto ,* i * v , c anew alls, 
sidewalls and protects th™, .nitl d p ‘ ,rt 01 <*»“* « buli * “P * 


. j T ■* JW- Mil W Utl/ 

etching. As a result etching aspect ratios of 50 to I can be 


achieved. The process can easily be used to. etch comoietclv through 


rat es are 3-6 times higher than wet. etching 


gn a silicon substrate, and etch 


Ma unfactii riii g Technologies 


. micromachmmg is the oldest paradigm of silicon based MEMS. The whole thickness of a 
silicon water is used for building the micro-, nechanicai structures.^! Silicon is machined min, 
various etching processes. Anodic bonding of glass plates or additional silicon wafers is used for 

i*®^^3^1SS|Wl^SST n ^ fcr e^psttlalion. Bulk micromaoWrxih^lL. 

the shape of the sen*’ ***** accelerame,m lhat *»™ cta «^ 

Surface Bticromachftting 

Surface micromachining uses layers deposited on the surface of a substrate as the structural 
materials, rather than usina the substrate itsel f $1 ^,,4-.,:, „ , .. > 

J 9g0 s to render niiomm<»4dm™ -» T -r * ' lutace ^^machimng was created m the late 

techno MY w*h IhJIZ ° con, P aubk *» planar integrated circuit 

r£ZT,'<l,!f* h ? g ^ 00 ' nh ™8 MsMS and integrated circuits on the same silicon wafer 

patterned c0 “*>* ** ^ 00 P 0, .™yatallitie silicon fevers 

oxide fever Y sacrir, f al «**»* <*«" “flying 

movement cunS T 4 produce forces and to detect in-plane 

* h Pf adigm has enabled tire marmfactming of low cost 

accelerometers for t.g. automotive air-bag systems and other applications where low nerfomrim- 
and-or h,gh g-ranges m sufficient. Analog Devices have pio died fcSSSS 
nav ® rea itzed the co-integration of MEMS and integrated circuits. 


ct ratio 


mkromachfoing 


f ^ surface Silicon. mteromaehimn* arm .«« 3 ..,a 





- • t- , « «wj . v.tv«tu£, u<aa utittic it DOSsiblC 

m C ° mb *^«picaf of 

thieves? fe n!TT n m SUrfaCe mic ™ ach ^«g to have structural layer 

I o ? g , ~ fm ' f HAR Slhc(m ^icromadiining the thickness can be from 1 Oto 

100 pm 1 he materials commonly used in HAR silicon mkromachiaiug are thick polvSSlSe 

f pi ‘ P t >% md bm<M ^^mon-insulator (SOI) wafos although processes for bulk 
srhvm water also have been created (SCREAM). Bonding a. second wafer bv -lass frit bond;™ ^ 

miodic bonding or alloy bonding is used to protect the MEMS structures. Integrated circuits arc’ 

momcn fsee ^ h? t? ^i ? C0IJ mic ™achimng. The consensus of fee industn^ at the 

functions separated fttr outwei.*. the 'snrad SSpST “ W T U> ° b,amed T ta ™8 fc two 
* ' u '- 1 »u».. me sUxEii pv-na% m p%kaemu. A eqmmn:«cw rtf 
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aspect-ratio microstructoe technologies can be found in the HARMS! article. 

In one viewpoint MEM.S application is categorized by type of use. 

Sensor 


Actuator 

Structure 

” emS 8Wli “ imS are "**»“ * ** «d of appiicatiott(CommerckI 

: “ ° n ** 
collisions. bti ot purpose ' s mciudin £ airbag deployment in 

* ACCCler f meters in cooslimer ironies devices such as game controllers (Nintendo Wit) 

&? l A ?? k iPk>Be ami a nmnber o£»igital Cameras ' 

foil is “ PCS “ " “ disk h - d — ** 

' Wiicai0ns '° ** “ *** a 

” r lWd “ DLP >- -face seven* 

* c«.S5k^ g teCtook ' ey whid> is “* d ®» ***** technology and alignment for data 

■ " **« *» » 

* c„ nsr , e , eleot™ <pritaari , y 

technology as fo^dtStol'StC “ ’ ^ ^ *** 

progr “ 3 ““ in many Hws. Tto larger firms specialize in 
Momoh “7 h;T 8 a f le rT^ “ ¥ *" s or p»*«ed solutions for end markets such as 
loMom ami h f T ' iBld elert ™ ra “- success&l small firms provide value in innovative ' 

h™ S it? 5 "* * e ex P ei, f °f ™?° m fahricaiion with high sales margins. In addition, both 
ia%t and small companies work ut R&D to explore MEMS teeiinoloay. 


Researehers m .MEMS use various engineering software tools to take a design from concept to 
vmukuon, prototyping and testing. Finite element analysis is often used m MEMS desig/ 
rOMSOT 11 01 d ^ nanilc ^ te **’ and ^trieal domains, among others, can be performed bv AN SYS 
an M S ^ PR n° ' f 0tte softwarc, S ueftas CovmtorWare-ARCHrrECT 

SIS to ff f f * des ^ J «**"* for delivery to a fabrication firm and 

Z *1 St 1 : MbM eild>edded m a s - vstem ' 0nce Prototypes are on-hand, researchers can test 

and KS^p^ ng ™ US including laser doppler scanning Mhrometers, microscopes. 
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S p temSl rlf 1 ind “ tes P™ a » te such as automobile 
tfPMQ l r ’ and inkjet cadges totaled $40 billion in 2006 according to Global 

KffiMSMiCTOyaema Markets ad Opportunities, a comprehensive new market SSSWbS 
SEMI and \ ole Deveioppema«.[l J * Network ' 

[ -i tp,.'W\v ft.dieinlonnatmnneteoin] points out that the market m 200$ was $6,9 billion. 

MEMS devices are defined as die-level components of first-level packaging, and include nres^im 
sensors* ^ccsferoiii^tfirs *•« * •>« 4* v V ^ p^^^urt/ 

*■ _ gy H>^C:opes v .mjuoptK,me^ digital micro fimrfu* '*&* 

2SiS;s“:^r^r ds ’ »« ***** " 

coatings and increasing * 

^mfrto“LTSecr s n ^ d ^ us ^ t hi;e £^ gration to 

~ d ■ ct neVk tooIs * including etcn and bonding for certain MEMS applications. 

See also 


“ s - YStem$ m ' e similar to MEMS but smaller 

; »SS^S^^?' Me<a> “’ i f J Systems ’ ME ‘ MS indudi »S ®P*»1 dee** 

silicon* 5 ’ *" generato rs, 2 as turbmes, and electrical generators made of etched 

" * MEMS tedmol °®' for non-voiatile data storage of more than a terabit per 

* Lucent who developed highly advanced ®8cal tblecommumcatioas switches 
« cantilever one of the most common forms of MEMS 

* *■“* l bmn, f Actmtm Mta « actuation created bv thermal expansion 

I Ffatos tfc m wor“° r if 5 ^ 5 “?" n l£ S repa “ ed, »' WBed voltage differences 
tJcctrostapc motors used where cods are difficult to fabricate 

* ™* teI M * cro Machining Systems Manufacturers of DRIB systems 

* Inhneon Technologies direct TPMS sensors 

* m0K *» 200 million MEMS in pressure, angular rate. 
edvratK.n per > eat m their plant, m Reutlingen (and are currently buildina nearbv mother 

MEMS tZr“XduL7 er ' mmi0 ” ChipS PW <fa «* f,ra “W « th 1 MHion 

s* Sensirion Leading manufacturer of MEMS flow sensors 

* SS mm QualC ° mm mMS Tecto ^ies - MEMS-based display technology for mobile 

* Equipment nianufeeinrer lor MEMS assembly 

* designer mi axmhmm of silicon capacitive acceleration and pressure 

“ £MIBK S Germany* largest MEMS research institute, 

* Brain-computer interlace 

® MEMS sensor generations, 

» Kelvin probe force microscope 


’ • Si e paS^SISr , “^ ** *■"» *%“*• London; ISTE J,,l„. Wiley £ 

3 99b * Eteh rates for sncromaehininp processing , Journal of 
Mteroele^tromechamcal Systems, Volume: 5 e Issue- 4. December 1996, pp, 256-269 
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& OojsxntDci* IVluiRu € '■ ff * 4 ... > ..■.«. 

polysilieon etching using vapor-pfe^-xe^on diduodde PdUEEp' ^ 
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